Organic Light Emitting Diodes (OLED's) are current-driven devices that utilize light emission from excited states of molecules. 1 Operating OLED's involve charge injection from the anode and the cathode into the adjacent organic layers, transport of injected charge carriers through the organic layers, and exothermic recombination of holes and electrons to generate electronically excited states of molecules. Subsequent deactivation of molecules produces Electroluminescence (EL) that goes out of the device. Attaining high quantum efficiency for EL requires: i) efficient charge injection from both electrodes into the adjacent organic layers at low drive voltage, ii) charge balance, and, iii) confinement of charge carriers within the emitting layer to increase the probability of emissive recombination. The insertion of hole-acceptor and electron-acceptor layers between the electrodes and the emitting layer substantially increases efficiency. A multilayer structure of OLED's consists of the emitting layer sandwiched between hole-and electron-acceptor layers that in turn are in contact with the metallic anode and cathode, respectively. Amorphous molecular materials have been proven to show several characteristics that qualify them as excellent materials to be used in OLED's. 1 Their most remarkable feature is that, due to their homogeneous and isotropic properties, they form smooth thin films allowing uniform contact with the metallic electrodes and between organic layers. An issue concerning nomenclature is here worth of comment. As remarked above, device operation involves three main processes, namely, charge injection, charge transport and light emission. Although in this work we will only focus on the first, we shall also use the accepted terminology of hole-or electron-transporters, being aware of the fact that the correct one would be "acceptors" instead of 'transporters" (investigating their transport performance 2 would require considering also carrier mobility). Hereafter both terminologies will be used indifferently.
A question of relevance concerning charge injection in amorphous organic materials is whether there is one or several intrinsic parameters that may be used to univocally predict its character, i.e., whether they are hole or electron acceptors. implies that the optical gap is not equal to the band (transport) gap required to derive 4 the EA. Actually the difference between the band and the optical gaps gives the exciton binding energy, which is of the order of a few meV in inorganic semiconductors, while it may be as high as several tenths of eV in organic materials. 6 As a consequence, using optical absorption to determine EA requires the knowledge of the exciton binding energy. 7 A second approach is to use easily accessible electrochemical methods. [8] [9] [10] These methods seek to correlate the IP, measured by means of PES, with the oxidation potential OP. Actually, linear relationships between these to magnitudes have been reported by several groups. [7] [8] [9] [10] In cases where neither the IP nor the EA can be directly determined by photoemission techniques, cyclic-voltammetry can provide, besides the OP, the reduction potential from which, as discussed in Ref. 7 , the EA can be derived through a linear relationship. Electrochemical techniques, however, have several shortcomings, one of them being the inaccuracy of the reference electrode potential, that limit its accuracy in optimal cases to ±0.1 eV. 9 It should be further pointed out that due to the amorphous character of organic materials, electronic energy levels up to an energy slightly above (below) the LUMO (HOMO) are localized.
These are the so-called mobility-edges 11 that due to the already localized nature of organic solids should differ only slightly from the standard LUMO and HOMO energies. In any case, the existence of the mobility edge enlarges the transport gap. As concerns calculations, the high importance of inter-molecular interactions 10 should be remarked. In our case, and due to the amorphous character of the organic materials here considered, we have approximated these interactions by a polarized continuum model (see below). To close this discussion it should be pointed out that the experimental data herewith analyzed 1 may likely need some revision in the forthcoming years.
It is readily noted in Fig. 1 Then, we turn our attention to the eventual role of the electrodes that inject holes or electrons into the device. In almost all devices ITO is used as anode. Its work function has been measured by many groups and is known to lie within the narrow range of 4.4-4.5 eV.
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As concerns the cathode, many metals have been tried (some of them needing a protective layer of a noble metal, Ag in most cases). One of the most detailed studies of the effects of varying the metallic cathode and, thus, its work function, on the performance of a multilayer OLED device, has been reported in Ref. 
It is further noted that the ideal electrode, 4,13 is that which poses no barrier height for one type of charge carrier (ohmic contact) and a high barrier height for the other carrier and the EA for those three molecules namely, the electron acceptors 40 (1,3,5-tris(phenyl-2-pyridylamino)benzene) and 169 (2,4,6-tris[di(2-pyridyl)amino]-1,3,5-triazine), and the hole acceptor 91 (4,4'-di(N-carbazolyl)biphenyl, CBP). In addition, and with the objective of checking the methods, the IP and EA of two molecules, one of each group, lying in the right region, i.e., 170 (2,4,6-tris(carbazolo)-1,3,5-triazine, TRZ2) and 86 (TPD) were also calculated. DFT calculations were carried out using the B3LYP method, [15] [16] [17] [18] and the base Def2TZVPP, 19,20 that we checked to be large enough for our purposes. In addition, and aiming to simulate the effect of the amorphous solid, we incorporated a polarized continuum model (PCM).
14 Although recent extensions of this model have allowed to incorporate crystallinity, 21 we believe that a continuum model is more appropiate to describe amorphous solids. The dielectric constant (the ratio of the permittivity of a substance to the permittivity of free space) of the continuum medium was varied in the range 1-78 ( =1 corresponds to a single molecule in vacuum); actually, the dielectric constant of molecular materials is known to lie within the range 1-6.
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We have checked this to be an essential ingredient to obtain correct values for both IP and EA. These magnitudes were calculated using the standard expressions, IP=E + − E 0 and EA=E 0 − E − , where E 0 is the ground state energy of the neutral molecule, while E ± , are the molecule ground states with minus or plus one electron.
Both were calculated with the geometry of the neutral molecule. All these calculations have been done with the Gaussian09 package.
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The results for IP and EA of the five molecules mentioned above are reported in Table 1, along with the data gathered in ref.
1. In addition, the energies of the HOMO y LUMO molecular orbitals are also shown. It is first noted the significant effect that increasing has.
While the IP for all molecules decreases in approximately 1 eV when is increased from its value in free space up to 78, the absolute value of the HOMO increases only very slightly in the same range. In addition, for ≥10.13 a crossover to overscreening 26 Fig. 1 and Table 1 ) plus two molecules (170 and 86 in Table 1 ) lying in the right region.
molecules. Just the opposite occurs for < 10.13. Fig. 3 depicts the calculated HOMO and IP for the five molecules mentioned above and dielectric constant ≤ 10.13. It is noted that beyond = 4 the IP and -HOMO already become very similar; actually, they differ in less than 0.2 for the five molecules (see Table 1 ).
In the foregoing discussion, results for this value of will be considered (note that in the amorphous solids it is widely accepted that -HOMO=IP, see ref. eV, respectively, and suggests that IP=5.7 eV may well be a valid "borderline" for cathodes having work functions within a range wider than 3.7-4.2 eV.
